The development of total immunoglobulin G (IgG) antibodies and antibodies of the four IgG subclasses in serum against Haemophilus influenza type b capsular polysaccharide (CPS) was studied in 24 children and 11 adults with invasive Haemophilus influenza type b infections, by using an enzyme-linked immunosorbent assay. None of the 8 children aged 10 months or younger had increases in the IgG class or in any of the IgG subclasses. In contrast, 14 of 16 children between 10 months and 6 years of age and 10 of 11 adults had significant increases in total IgG, IgGl, or IgG2 antibodies in various combinations, but none of them had increases in IgG3 or IgG4 antibodies. The increases in IgGl and IgG2 antibodies in the children were of similar magnitudes. 0f l1 adult patients, 9 had significant increases in IgG2 antibodies, while only 4 had increases in IgG1 antibodies. In conclusion, this study shows that children younger than approximately 1 year have no IgG response to H. influenzae type b CPS, while individuals above this age have a mixed IgGl and IgG2 response.
The serum antibody response to the capsular polysaccharide (CPS) of Haemophilus influenza type b is age dependent. Infants show little or no increase in immunoglobulin G (IgG) antibodies after invasive infections, while most children older than 1 to 2 years and adults develop an IgG response (3, 11, 15, 27) . The subclass composition of IgG antibodies against H. influenza type b CPS and other bacterial CPSs has been characterized in vaccinated individuals and shown to be composed of both IgGl and IgG2 antibodies (4, 10, 16, 18, 23, 30) , in contrast to some other reports, suggesting that the IgG antibodies to carbohydrate antigens are mainly composed of IgG2 antibodies (2, 24, 35 (3, 15) . Serum sampling intervals are described in Tables 1 and 2 .
Serum samples were stored at -20°C until analyzed. Informed consent was obtained from the adult patients or the parents of the children participating in the study, which was approved by the Ethical Committee of the University of Goteborg.
Healthy adults. Serum samples from 10 adult blood donors were analyzed.
Serological methods. Antibodies of the IgG class and IgG subclasses to H. influenza type b CPS were measured by indirect enzyme-linked immunosorbent assay (ELISA) (4, 31) . Microtiter plates (Dynatech, Novakemi, Enskede, Sweden) were coated with biotinylated H. influenza type b CPS after precoating with avidin. Murine monoclonal antibodies specific for human IgG (HP6045), IgGl (HP6069), IgG2 (HP6002), IgG3 (HP6050), and IgG4 (HP6025) were kindly donated by Charles B. Reimer, Centers for Disease Control, Atlanta, Ga. (9, 14) . The affinity constants were similar for the four IgG subclass-specific antibodies. The affinity constants, Ka-were 7.5 X 107, 6.5 X 107, 5 .0 x 107, and 10.0 x 107 for IgGl, IgG2, IgG3, and IgG4, respectively (21) . The reactivities and specificities of the monoclonal antibodies were reverified by titration (ELISA) with myeloma proteins of kappa and lambda light chains, representing each subclass. The myeloma proteins were kindly donated by Richard Wistar (U.S. Naval Medical Research Institute, Bethesda, Md.) and Peter Schur (Harvard Medical School, Boston, Mass.). Peroxidase-conjugated rabbit immunoglob- Adult patients. Of the 11 adult patients, 7 had significant rises in total IgG antibodies ( Table 2 ). Only 4 of 11 adults had significant increases in antibodies of the IgGl subclass, while 9 had significant increases in the IgG2 subclass. All patients, who responded in the IgGl subclass, also had significant tises in the IgG2 subclass. Patient 33 had no significant rises in total IgG antibodies or in any IgG subclass but showed a good response in antibodies of the IgA and IgM classes (15) . When evaluating the antibody response in the adults, it must be noted that the first serum sample available was obtained 5 to 6 days after the onset of symptoms in three adults. From the initial values for patient 31, there might well have been a response in both total IgG and IgGl antibodies. None of the serum samples from the adult patients had detectable antibodies of the IgG3 and IgG4 subclasses.
Healthy adults. All 10 adult blood donors had detectable anti-H. influenza type b CPS antibodies of the IgG class (median value, 1.3) and of the IgG2 subclass (median value, 3.1), but only 5 of 10 had IgGl antibodies (median value, 1.0). IgG3 and IgG4 antibodies could not be detected in any of these sera. DISCUSSION Serum levels of the four IgG subclasses are age dependent. After an initial decline in antibodies of maternal origin in all four IgG subclasses during the first 3 months, a graduaI increase is seen after this age. IgGl antibodies increase rapidly, reaching levels comparable with adult levels at the age of 3 to 4 years, while IgG2 antibodies, although present in children from the age of 3 months, increase slower and do not reach adult levels until about the age of 12 to 14 years. IgG3 and IgG4 antibody levels increase with age but are much lower than IgGl and IgG2 antibody levels throughout life (19, 20, 28, 29, 33) .
IgG antibodies against carbohydrate antigens have been considered to be restricted to the IgG2 subclass in adults (8, 24, 35) , which is supported by one report of adults immunized with pneumococcal CPS, in which the antibody responses were mainly in IgG2 and to a lesser extent in IgG3, but not in IgGl antibodies (2) . Other studies have, however, shown that healthy adults have both IgGl and IgG2 antibodies against pneumococcal CPS (7) and children predominantly have IgGl antibodies (7, 8) , which agrees with a report showing that adults immunized with pneumococcal CPS responded with both IgGl and IgG2 antibodies (16) . Also, in adults immunized with the CPS of Neisseria meningitidis group A, a mixed IgGl and IgG2 response was seen (23) . Only limited data are available concerning the IgG subclass distribution of naturally acquired anti-H. influenza type b CPS antibodies (5, 22) . Most of our knowledge on the human IgG response to H. influenza type b CPS is derived from immunization studies using purified H. influenza type b CPS alone or conjugated to a protein. After immunization of adults with H. influenza type b CPS alone or conjugated to a carrier protein, antibodies have been shown to be of both the IgGl and IgG2 subclasses (10, 18, 30) . In 18-to 23-month-old children immunized with the pure H. influenzae type b CPS alone or conjugated to tetanus toxoid, the antibody responses were mainly in the IgGl subclass (4) . In this and other studies, the antibody responses to conjugales have been more pronounced than the responses to pure H. other CPSs, are considered to be T-cell-independent antigens, to which young children usually have a poor antibody response (25, 34) . Only when the H. influenza type b CPS is conjugated to a protein does there seem to be an antibody response in IgG antibodies in children under 1 year of age (1, 6, 12, 17) , since conjugation of H. influenza type b CPS to a protein confers T-cell-dependent properties to the polysaccharide component (26, 34) .
In the children between 11 months and 6 years studied here, there was usually a mixed IgGl and IgG2 response of similar magnitude. Of 16 children, 7 had significant increases in both IgGl and IgG2 antibodies, 3 had increases in IgGl antibodies alone, and another 3 had increases only in IgG2 antibodies. The number of patients studied is too small to allow for comparisons of the responses in different age groups. Since many children with no significant increases in IgG, IgGl, or IgG2 antibodies already had detectable antibodies of these isotypes in the first serum sample, it is possible that they had developed an antibody response, which could have been detected with some other timing for the collection of serum samples. This mixed IgGl and IgG2 response is in contrast with the view that antibodies to CPS antigens are restricted to the IgG2 subclass (2, 24, 35) but agrees well with studies of children and adults vaccinated with different CPS vaccines (4, 10, 16, 18, 23, 30) .
In the adults, on the other hand, the IgG2 response seemed to be more pronounced than the IgGl response. Of 11 adults, 9 had increases in IgG2 antibodies, while only 4 had increases in IgGl antibodies. One adult (patient 33) had no increases in any of the four IgG subclasses and had low levels of total IgG antibodies in several convalescent-phase sera, but increases in IgM and IgA antibodies have previously been demonstrated in this patient (15) . The more pronounced IgG2 response in the adult patients agrees with the subclass distribution of the IgG antibodies against H. influenza type b CPS in the blood donors studied here and in pregnant women studied previously (5 (32) , and that the infected individuals might have an abnormal immune response. Of the 11 adults described here, 4 had underlying conditions, which might have changed or altered the antibody response.
In the present study, there was no evidence that IgG3 and IgG4 antibodies play an important role in the antibody response after invasive H. influenza type b infections in any age group, which is in contrast to a previous study, suggesting that IgG4 antibodies against H. influenza type b CPS develop in children after invasive H. influenza type b disease (22) . In a study of children vaccinated with H. influenza type b CPS alone or conjugated to tetanus toxoid, there was no increase in IgG4 antibodies and only a slight increase in IgG3 antibodies (4).
In conclusion, infants below approximately 1 year of age have no response in total serum IgG antibodies or in any of the four IgG subclasses after invasive H. influenza type b infections. Children above this age have a mixed IgGl and IgG2 response of similar magnitude. In adults, the response in IgG2 antibodies seems to predominate over the IgGl response.
